Continuous Bi profile of the East Rongbuk (ER) ice core near Mt. Qomolangma reveals nine major volcanic events since AD 1800. Compared with Volcanic Explosivity Index (VEI), it shows that the concentrations of Bi in the ER ice core can reflect the major volcanic events within the key areas. This provides a good horizon layer for ice core dating, as well as a basis for reconstructing a long sequence of volcanic records from the Qinghai-Xizang (Tibet) Plateau ice cores.
Volcanic eruptions eject large amounts of gas (mainly sulphur dioxide) and dust (generally silicate ash) into the atmosphere that can be transported via atmospheric circulation and deposited on the surface of the ice sheets or mountainous glaciers. This provides a useful method to study the past volcanism by ice core records. Hammer [1] first identified volcanic events by sulfuric acid layers preserved in a polar ice core. Afterwards, a number of major volcanic events were ascertained from ice cores [2, 3] . Delmas et al. [4] detected 23 major volcanic events in a 1000-year Antarctic ice core. The records of volcanic events at millennial scale were gradually reconstructed by the Antarctic and Greenland ice cores [5, 6] , and provided evidence that volcanism may contribute to climatic cooling [7] . The good agreement between the ice core based volcanic events and the well-established volcanic sequence validates the application of ice cores for reconstructing past volcanism [3] . The significance of ice core volcanic records lies in (1) determining eruption time, estimating the contribution of volcanic eruption to the atmospheric aerosol loading [8, 9] and enhancing our understanding of the climate effects of volcanism [10] , and (2) providing horizons for ice core dating [11, 12] . More and more ice cores are available for studying volcanic events [12] [13] [14] [15] [16] , which provides a reliable method to understand the global historical volcanic eruptions. However, few ice cores from the low-latitude mountainous glaciers have been used for reconstructing the volcanic events due to the disturbance of high dust background. For instance, an ice core from the Canadian Yukon Territory did not provide a good record of a certain remote volcanic events due to too large SO 4 2− contribution from local dust [17] . Even for some Antarctic ice cores, the volcanic sulfate of a certain volcanic event accounts for only 13% of the total sulfate deposition [4] . In fact, the materials of major volcanic eruptions are transported mainly in the stratosphere to the polar regions, resulting in an even more obvious signal in the polar ice sheets than that in the mountain glaciers.
Recently, Kaspari et al. [11] identified major volcanic events in the ER ice core by applying the element of Bi.
Here we explore this new way to recover a detailed volcanic events record since AD 1800 from the ER ice core.
1 Sampling and analytical methods ), hydrogen isotopes (δ D), and trace elements [11] . The ice core was annually dated to AD 1534 at a depth of 98 m according to seasonal variations in δ D and soluble ions, and the timescale was verified by identifying large volcanic horizons. Below 98 m, annual layer counting is not possible due to layer thinning, thus prior to AD 1534 the ice core was dated by using a flow model. The age of the bottom two meters was constrained using methane and the isotopic composition of atmospheric O 2 with the results of 1498-2055 BP [19] . Dating uncertainties are ±0 years at AD 1963 and ±5 years at AD 1534. More details can be found in Kaspari et al. [11] .
Sampling

Volcanic record index
Bi is an excellent tracer of volcanic event because it is highly enriched in volcanic eruptions, and volcanic events are the largest source of global Bi [20] . To identify enriched volcanic Bi, we calculated Bi enrichment factors (EFc) defined as the concentration ratio of Bi to that of a crustal element and normalized to the same concentration ratio of the upper continental crust. EFcBi = median[(Bi/x)ice/ (Bi/x)upper crust]; x = Sr, Ca, La, Fe and Al.
Results and discussion
The possible source areas
The strength of a volcanic eruption, usually expressed as VEI [21, 22] , primarily links to the volume of tephra and the eruption column height. The volume of VEI≤3 eruption is less than 0.1 km 3 , the eruption column height is mainly in the troposphere, and the eruption material has a weak impaction on the climate and environment. The eruptions of VEI≥4 usually produce a large quantity tephra, a higher eruption column than troposphere, and a wide climatic and environmental impaction. For instance, the eruption of Pinatubo in June 1991 (VEI=5) caused a major increase in the aerosol loading in the stratosphere. The cloud column reached at 30 km and the tephra accumulated primarily at 20-25 km [23] . The amount of mass ejected by this eruption was about 20 Mt of SO 2 [24] .
Within 2 weeks the bulk of the resulting stratospheric aerosol cloud had circled the planet while spreading to the tropical latitudes between 20°S and 30°N [23, 25] . For such a violent volcanic eruption, most of the eruption materials are ejected into the stratosphere, and transportation mainly occurs in the stratosphere. These materials deposit to the surface in the high latitudes [26, 27] . Although the aerosol in the troposphere falls out of the atmosphere very rapidly on timescales of minutes to a few weeks, the aerosol in the stratosphere can stay on timescales of a few months to several years [10] . Our ice core drilling site is located on the southern margin of the Qinghai-Xizang (Tibet) Plateau (QXP), and is influenced remarkably by monsoon circulation, namely, westerly in the winter half year and Indian monsoon in the summer half year. Therefore, the volcanic materials in the troposphere are mainly transported through these two weather systems. Cong et al. [28] showed that there exists strong air transport from troposphere to stratosphere in summer, and weak transport from stratosphere to troposphere in winter over the QXP and its surroundings. So the volcanic material in the ER ice core is mainly transported in troposphere, but does not rule out the possibility to transport through stratosphere for a major volcanic eruption. Figure 1 shows the geographical distributions of volcanic events since AD 1800 based on VEI [21] . Judged from the winter and summer air transport routes, we tag two most likely volcanic source regions. Region 1 represents westerly transport region, and region 2 (to the southern of 20°S [29] ) represents Indian monsoon transport region. Table 1 shows the list of VEI≥4 volcanic eruptions in these two regions. The longest lag time in the ER ice core volcanic record should be 1-2 years, less than that of the polar ice cores [7] .
The volcanic events record
The changes of EFcBi are shown in Figure 2 , and high
